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Abstract 
Emergy theory has its unique advantage in the research of regional economic system’s ecological efficiency. Namely, 
it can integrate ecological system and social economic system into one body so as  to conduct unified statistical 
measurement and analysis on the real value of natural environment and human kind’s production activities,  and 
therefore overcoming the shortcoming of only focusing on economic analysis. Based on the reference of previous 
researchers’ research literatures , this paper utilizes the relevent economic, social and environment statistics of Hunan 
province’s Agro-ecological system for the year of 2008, and carries out the computation and data processing of the 
input and output emergy for this system. And in the meantime, the authors also have analyzed the current situation of 
the input-output structure , the system’s load capacity , and the system’s operation efficiency among with other 
problems. This paper intents to lay a solid foundation for the future further research on the sustainable development 
of Hunan province’s Agro-ecological system.  
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1. Components of energy system in Hunan agricultural ecosystem  
The energy system in Hunan agricu ltural ecosystem can be div ided into the input and the output energy 
based on the theory. Energy value input includes renewable environmental resources, non-renewable 
environmental energy value resources, industrial auxiliary energy and organic energy. Energy value 
output can be divided into farming, livestock industry, forestry and fishing. Planting includes such 11 
items as cereals, beans, potatoes, oil and so on.  Livestock industry includes such 8 items as pork, beef, 
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mutton, and poultry and so on. The forestry includes the timber production, bamboo production and seed 
oil. Fishing only includes the fishery. The original data of this paper are obtained mainly from the Rural 
Statistical Yearbook in Hunan edited in  2009, Hunan Statistical Yearbook  edited in 2009, China Rural 
Statistical Yearbook  edited in  2009 and China Statistical Yearbook  edited in 2009. The data were 
processed with EXCEL. The energy value of each component in this system is calculated with the method 
which was provided by Odum [1] and Lu Hongfang [2] 
2. The structure analysis on energy value  input of agro-ecosystem in Hunan Province 
Table1  Energy value  input of agro-ecosystem in Hunan Province  (2008) 
items Raw data Units 
Energy 
conversion 
rate 
Energy 
value  
Proportion 
(%) 
Renewable energy value  
input of environmental 
resources 
1 Solar energy 1.04E+21 J 1 9.75E+20 0.50% 
2 Water potential 1.3E+18 J 10500 1.2E+22 6.22% 
3 
Rainwater chemical 
energy 1.45E+18 J 18200 2.33E+22 12.02% 
4 
Earth's rotation energy 
value  3.28E+17 J 623 1.91E+20 0.10% 
5 Wind Energy 1.49E+13 J 623 8.66E+15 0.00% 
 subtotal     2.35E+22 12.12% 
Non- Renewable energy 
value  input of 
environmental resources  6 
the net value of loss of 
topsoil energy  5.94E+15 J 170000 1.01E+21 0.52% 
Total value of the 
environment      2.45E+22 12.64% 
Auxiliary Energy value  
input of industry  
7 Fertilizer 7886180 t 4.88E+15 3.85E+22 19.88% 
8 Pesticides 112750 t 1.6E+15 1.8E+20 0.09% 
9 Agricultural diesel oil 1.68E+16 J 54000 9.05E+20 0.47% 
10 Agricultural machinery 1.45E+14 J 66000 9.55E+18 0.00% 
11 Plastic sheeting 3.61E+09 t 66000 2.38E+14 0.00% 
12 Rural electricity 2.93E+16 J 200000 5.87E+21 3.03% 
  subtotal    4.54E+22 23.48% 
Energy value  input of 
organic 
13 Labor 3.08E+17 J 380000 1.17E+23 60.46% 
14 Animal 5.39E+15 J 245000 1.32E+21 0.68% 
15 Seeds 1.53E+16 J 336000 5.15E+21 2.66% 
16 Organic fertilizer 3.33E+13 g 4540000 1.53E+20 0.12% 
  Subtotal    1.24E+23 63.88% 
 Total auxiliary energy value        1.69E+23 87.36% 
Total energy value  input   total       1.94E+23 100.00% 
Shown as Table 1, the total energy value input of agricultural eco-economic system in Hunan Province 
in 2008 is 1.94E +23 sej. The renewable organic auxiliary energy value  input is the largest which 
accounts for 63.88% in the total input and it is good for the self-sustaining and recycling in the system. 
But the energy value input of the renewable organic energy is main ly from labor. The labor energy value 
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input accounts for 60.46% in the total energy value input. The sum of organic fertilizer, animal and seed 
accounted for 2.3%. The sum of energy value input on system environment and renewable organic energy 
accounts for 76.00% in the total energy value input which shows that the agriculture in Hunan Province 
still keeps in the traditional agricultural stage which main ly relies on the natural conditions and the 
organic energy. Labor is still the main energy in Hunan Province which ind icates that the agricultural 
modernizat ion in  Hunan Province still has a long way to  go. The system free environmental energy value 
accounts for 12.64% in the total energy value input that is slightly lower than that on the national average 
of 13%, indicat ing that the major contribution of environmental resources in Hunan  keeps in the national 
middle level mainly on  the rain potential energy and rain chemical energy, the reason is that Hunan is 
located in the humid subtropical climate and has the abundant rainfall. But the wind energy accounts for 
the smaller p roportion of 0.52% in the total energy value  input which indicates that effects of soil erosion 
on Hunan is not great, but it should also be avoided  being taken place in the future. The total auxiliary 
energy input of Hunan agricultural eco-economic system in 2008 is 1.69E +23 sej, accounting for 87.36% 
the total energy value input. The non-renewable industry auxiliary energy accounts for 23.48% which is 
less than that of total energy value input and it is much less than that the national average 62% the main 
component of the industrial auxiliary energy input is fertilizer, which indicates that there exists a large 
gap between agricultural modern ization and the mechanization in Hunan. Hunan Province should increase 
such industrial auxiliary  energy input as the mechanical energy and fossil energy approximately  which 
can help to develop the local resources. Especially the rat ion between the input energy value of 
agricultural machinery & plastic sheeting and the total system energy value input is zero  if keeping the 
two decimal places which was caused by the fact that Hunan has the large p roportion of the mountainous 
region and the hilly regions. The high proportion of sloping land area and the high fragmentation degree 
of the rural land which constraints the utilization of the agricu ltural modernization, what’s more, there are 
excessive surplus agricultural labor force  which excludes the utilizat ion of the agricultural modern ization 
in some degree. Finally, compared with the proportion of fertilizer inputs which accounts for 0.62%, the 
input of organic manure only accounts for 0.19% in the renewable organic energy value which is almost 
negligible , and it also indicates that the accumulation of livestock manure and recycle of straw are very 
limited in Hunan.  
3. Structural analysis on the energy value output of agro-ecosystem 
Shown as Table 2, the total agro-system energy value output of Hunan Province in 2008 is 2.63E +23 
sej. The energy value output of planting is the maximum, which  is 1.36E +23 sej, fo llowed by the animal 
husbandry with 1.15E +23 sej. The total value o f these two sections has accounted for 95.60% in the total 
agro-system energy value output of Hunan Province, that is to say, they are the main sections in Hunan 
agriculture. However, the share of the energy value output of forestry and fishery is smaller which 
account for only  4.4%. In 2008 the total population of Hunan is 1.88E +07, so the capita output energy is 
1.40E +16 sej per person. The output energy value of the planting  in  Hunan (1.36E +23 sej) is more than 
that of the livestock (1.15E +23 sej), but if accounted by pure economy, the output of planting and the 
livestock is 144,686,570,000 RMB and 146,40,90,00 RMB respectively, so the output of the livestock is 
greater than that of the planting which shows that the price of Hunan planting is relatively low and it is 
obvious that although the output is increased, the farmer’s income didn’t  increase. Increasing the share of 
other industries except for the planting has become a major means  to make money for the farmers in 
Hunan.  
In the energy value output of planting, the energy value output of the cereals and other staple 
agricultural products are the largest which is 6.72E +22 sej, accounting for 49.27% in the energy value 
output of the planting, which meets the fact that Hunan is the large grain producing province. Oil and 
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other crops were listed as the second place with 3.82E +22 sej accounting for 27.98%, and fo llowed by 
the fruit, cotton, vegetables, beans, etc., but their energy value outputs are small, these items together 
accounted for only 12.75%. In recent years, due to the changing consumption structure, Hunan Province 
has been carrying out the optimal adjustment of farm production, from the energy value  yield of view, 
except for the livestock has made the significant developments, the proportion of o il, fru it, cotton, 
vegetables in planting industry also broke or close to 5%. This is a good trend. Most of these products are 
generally located in the Middle of Hunan and the Southern of Hunan which are mainly mountainous and 
hilly areas. Because planting is scattered, it is not good for the mechanization operations and it  is d ifficult  
to generate scale effect. Thus production requires the h igher cost. Strong market  demand doesn’t mean  to 
bring great economic benefits. For these products, the main task is to  optimize the varieties , to  extend the 
product industrial chain and to increase the product complementary value. 
The output energy value of livestock products accounts for 43.73% in the total energy value output. 
The energy value output of Pork accounts for 36.13%, followed by eggs with the total output of energy 
value of 3.14%, other livestock products accounts for relatively small proportion. In addition, the 
livestock industry structure of Hunan is unitary. Meat is based main ly on pigs, eggs is based main ly on 
hens. 
The energy value output of forest products only accounts for 2.66% in the total output energy value, 
which is not suitable for the fact that Hunan is the hilly and mountain areas . As a humid subtropical 
climate reg ion, Hunan has the enough rainfall, soil erosion is less than that of the north of China, and it is 
suitable for many species, but it also shows Hunan has the forestry development prospect. In addition, the 
energy value output of fisheries only accounts for 1.64%, and it is not very proportionate with the fame of 
"southern fishing and rice village ". 
Table 2  Energy value  output of agro-ecosystem in Hunan Province  (2008) 
items 
Raw data 
(J) 
Energy conversion 
rate 
Energy value  
(sej) Proportion 
Planting 
 
1 Cereals 4.54E+17 1.48E+05 6.72E+22 25.56% 
2 Beans 7.49E+15 6.90E+05 5.17E+21 1.97% 
3 Potato 1.63E+16 8.30E+04 1.35E+21 0.51% 
4 Oil 5.53E+16 6.90E+05 3.82E+22 14.51% 
5 Cotton 4.55E+15 1.90E+06 8.64E+21 3.28% 
6 Hemp 1.78E+15 8.30E+04 1.48E+20 0.06% 
7 Cane 2.02E+15 8.40E+04 1.70E+20 0.06% 
8 Tobacco 2.76E+14 8.49E+04 2.35E+19 0.01% 
9 Vegetables  7.09E+16 8.30E+04 5.89E+21 2.24% 
10 Tea 1.31E+15 2.00E+05 2.63E+20 0.10% 
11 fruits 1.77E+16 5.30E+05 9.39E+21 3.57% 
  Subtotal    1.36E+23 51.87% 
 
Livestock 
 
12 Pork 2.38E+16 4.00E+06 9.50E+22 36.13% 
13 Beef 7.89E+14 4.00E+06 3.16E+21 1.20% 
14 Lamb 4.89E+14 4.00E+06 1.96E+21 0.74% 
15 Poultry 3.45E+15 1.70E+06 5.87E+21 2.23% 
16 Rabbit  1.62E+13 4.00E+06 6.46E+19 0.02% 
17 Milk 3.43E+14 2.00E+06 6.87E+20 0.26% 
18 Honey 2.9E+13 8.40E+04 2.43E+18 0.00% 
19 egg 4.12E+15 2.00E+06 8.25E+21 3.14% 
 subtotal   1.15E+23 43.73% 
Forestry 20 Wood production 1.03E+17 4.40E+04 4.54E+21 1.72% 
21 Bamboo production 2.29E+15 4.40E+04 1.01E+20 0.04% 
Zhu Yulin et al. / Energy Procedia 5 (2011) 1597–1602 1601
 22 Tung tree seeds 1.48E+15 6.90E+05 1.02E+21 0.39% 
23 seed oil 1.55E+16 8.60E+04 1.33E+21 0.51% 
 Subtotal   6.99E+21 2.66% 
Fisheries 24 Aquatic Products 9.82E+15 2000000 4.32E+21 1.64% 
Total energy value          2.63E+23 100.00% 
4. Analysis on energy value indexes on agricultural ecosystem in Hunan 
Table 3  Energy value  index of agricultural ecosystem of Hunan Province in 2008  
No indexes values 
1 energy value  self-sufficiency rate 12.64% 
2 energy value  investment ratio 6.91 
3 energy value -buying ratio 87.36% 
4 the net energy output ratio 155.61% 
5 energy value  density 9.17E+17 
6 the energy value  utility per capita 1.03E+16 
7 environmental loading ratio  7.25 
8 Sustainable Development Index  0.21 
This paper selects such indexes to evaluate the agricultural eco-economic system of Hunan as the 
energy value investment ratio, energy value self-sufficiency rate, the net energy yield ratio, environmental 
loading ratio, energy value density, the energy value utility per capita, energy value sustainable 
development indexes, shown as Table 3. 
4.1. Energy value investment ratio and energy value self-sufficiency rate 
Agriculture energy value investment ratio of Hunan has reached 6.91, it is higher than that of 
Chongqing (l.70) [6], Gansu (2.08) [7] and Liaoning Province (4.10) [8], it is also higher than that the 
national average (4.93), but much lower than that the energy value investment ratio in developed 
countries such as Japan whose energy value investment ratio in 1990 was 14.03 and the energy value 
investment ratio of Italy  was 8.52 in  1989. Th is shows that agricultural development and the utilization of 
natural resources of Hunan are at the midd le level, compared with international standard, there is a large 
gap, and it also indicates that there is a large space for growth. The energy value self-sufficiency rate in 
Hunan Province in 2008 was 12.64%; it is much higher than that in Japan (6.5%) and Italy (10.5%). It 
clearly shows that Hunan Province has relat ively abundant natural resources  and has the strong base to 
develop the economy and the economic security is higher. On the other hand, it also shows that 
agricultural resources of Hunan can’t be used efficiently and economic development level is not high. 
4.2. The net energy value output ratio 
Agriculture energy value output ratio of Hunan was 1.556, compared with Chongqing (3.67) and 
Liaoning Province (2.89),  it is still low but it is higher than that of Gansu Province (l.26) and other 
provinces. But compared with the national average (2.00), the productivity efficiency of agricultural 
ecosystem of Hunan is low. The key reason is that the system has input a lot of high human resource 
energy value and the rural areas have a lot of surplus labors especially in the Middle of Hunan. It 
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indicates that the low science & technology and abundant human resource energy value input will result 
in the low efficiency input and lack of the obvious competition.  
4.3. Environmental loading ratio 
Environmental loading ratio of agricu lture in Hunan was 7.25, it is higher than that of Chongqing 
(l.80), Liaoning Province (4.33) and the national average (2.80), even higher than that of Gansu Province 
(6.08) which has the larger environmental loading in the Loess Plateau, indicating that the agricultural 
system in Hunan Province has taken the high pressure which main ly resulted from the human resources 
energy value which was oversupplied in the agricultural ecosystem of Hunan and affected by such factors 
as the big grain-producing province, the high enthusiasm in farming of farmers and the improvement of 
hybrid rice technology and so on. But it also shows that as a big grain-producing province, if the 
technology of producing grain didn’t make the great breakthrough, the production growth is limited.    
4.4. Energy value Sustainable development Index 
Agricultural energy value sustainable index of Hunan is 0.21, which resulted from the fact that the 
efficiency of the net energy value output is low while the environment loading ratio  is h igh. According to 
the energy value sustainable development index on the ecosystem classification, agriculture in  Hunan can 
be classified as consumer-based economy system, which is characterized  with the resources and the labor 
energy value which  were input by the system. The utility ratio  of the local non-renewable resource also is 
not high. All of these indicate that there is a long way to go for the transformation of agricultural 
economic growth and the development of "two types" of society in Hunan.   
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